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ABSTRACT 
 
This study focused on Rainwater Harvesting System that is located at UTHM main campus in 
Batu Pahat, Johor and its suitability in terms of water quality aspect. The system consists of 
rooftop, gutters, storage tank and sand filter as a treatment system. Twelve samples (influent and 
effluent) from six storm events were analysed. Concentrations for all parameters were found to 
vary greatly between storms. Removals percentages were then calculated and the values (%) 
were DO (9-16), pH (10-36), Turbidity (61-76), Suspended solids (19-54), and Cuprum (15-53), 
respectively. Lead (Pb) was also detected but the levels were low (<0.001 mg/l). Based on the 
findings, sand filter has the potential to be a practical and cost-effective method of treating 
contaminants for harvested rainwater.  
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INTRODUCTION 
Water shortage is becoming the number one problem in the world today. Moreover, the 
problem of water scarcity is strongly connected to the problem of water quality. Urban 
development, human activities and industrialization deteriorate the quality of water and, in some 
cases, make it unsafe for consumption. Rainwater harvesting may serve as an alternative solution 
to the above problem.  
The main constrains on using rainwater for domestic use have been the water quality 
aspects. Rainwater is slightly, but safely, acidic at first but storage in tank can make it alkaline. 
The biological water quality found from rainwater harvesting is fairly good, but variable 
particularly straight after rain has fallen. There is some bacteriological contamination such as 
much type of bacteria, moulds, algae, protozoa and other contaminants of water from the 
collection surface and surrounding environment into the cistern or storage tank.  
 Earlier studies have reported that the rainwater stored in tanks has been of acceptable 
quality while in more recent ones, either chemical or microbiological contaminants have been 
found in the collected rainwater, often in levels exceeding the international or national guidelines 
set for safe drinking water [1, 2, 3]. The quality of the harvested and stored rainwater depends on 
the characteristics of the individual area, such as topography, weather conditions and proximity 
to pollution sources [4, 5], the type of the catchment area [2, 3], the type of water tank [6, 7] and 
the handling and management of the water [8, 7]. 
However, rainwater can provide clean, safe, and reliable water as long as the collection 
systems are built properly and maintained, and the water is treated appropriately for intended 
uses. 
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MATERIALS AND METHODS 
 
Study Catchment. This study was located at main campus Universiti Tun Hussein Onn 
Malaysia, Parit Raja, Batu Pahat, Johor. The general climate of the study area is characterised by 
continuous warm and humid conditions with annual rainfalls over 9 years ranging from 1,358 
mm to 2,811 mm (average 2,085 mm). The mean temperature and relative humidity are 25.68C 
and 87%, respectively.  
 
                 
 
Figure 1: Location of the study catchment  
 
Rainwater Harvesting System. The system was installed far from any buildings or trees to 
minimise any obstacles. However, the study catchment was located very near to the industrial. It 
might affect the rainwater quality. The components of this system are as follows: 
1)  Roof is the surface which directly receives the rainfall and provides water to the system. 
Zinc roof is the best roofing material and will provide the best water quality [9, 10]. 
2)  Gutter is a channel all around the edge of a sloping roof to collect and transport rainwater to   
     the storage tank.  
3)  Netting on top of gutter to prevent the passage of debris and the impurity,  
4)  Water tank use as the first intake pure rainwater (un-filtered) store tank. 
5)  Storage tank as a storage tank provision to collect filtered water from the tank through the  
     filter channel for storage and distribute (Figure 3b). 
 
 
PENINSULAR MALAYSIA 
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Figure 2: Rainwater harvesting system 
 
Sand Filter. A filter unit is a chamber filled with filtering media to remove debris and dirt from 
water before it enters the storage tank or recharges structure. Sand filters are easy and 
inexpensive to construct. These filters can be employed for treatment of water to effectively 
remove turbidity (suspended particles like silt and clay), colour and microorganisms,  
In this study, it is filled by layers of gravels and fine sand: the bottom layer is filling up 
with washed gravel (6 – 15 mm) for 10 cm height and medium gravel or coarse sand (1 – 6 mm), 
and followed by the 10 cm height above the gravel. The first layer is sufficiently deep to cover 
the inlet to the pipe and should be large enough to keep the openings in the filter bottom free for 
the flow of water out of the filter, and the upper layer fine enough that the overlying filter sand 
will not sink into its pores.  
For fine sand layer: fine grade (0.15-0.35 mm is recommended). This 70 cm height layer 
of fine particles react to traps organic and inorganic material at the top of the filter media. The 
element in biosand filter is water reservoir (supernatant) as high as about 5 cm that remain in the 
upper surface of the sand; this is to allow the biology in the sand layer to mature and form 
schmutzdecke layer. It requires a long ripening period at the beginning of each filter run. The 
ripening period for biosand filter is usually one to two weeks [11]. Filter ripening is a complex 
process that involves both biological and physical mechanisms. As filtration progresses, 
biological growth consisting of bacteria, algae and zooplankton occurs within the sand bed and 
gravel layer. Although water is not always being added continuously into the filter, oxygen still 
pervasive into the water to be used by microorganisms in the filter [12].  
The height of outflow pipe is design at the same level of the fine sand to maintain the 
supernatant in the filter column. Meanwhile, the purpose of diffuser plate is to avoid direct 
current of water mixed directly, that could damage the biofilm layer. 
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Figure 3: Biosand filter 
 
Sampling of rainwater. Six (6) storm events were monitored between February 2008 and March 
2008 with a total of twelve samples (influent and effluent). Samples were brought to 
Environmental Laboratory at Universiti Tun Hussein Onn Malaysia immediately after sampling 
and analysed for Suspended Solids (SS), Cu, Pb, pH, DO and turbidity (Table 1). The laboratory 
analyses followed the Standard Methods for the examination of water and wastewater [13]. The 
analysis of copper and Pb were carried out using Spectrophotometer, DR 4000.  
 
Table 1: Analysis of rainwater quality 
 
Parameters Methods/Techniques 
Dissolved 
Oxygen (DO) 
Oxygen dissolve 
meter 
pH 
pH meter model 
SensION1 : Hach 
USA 
Turbidity 
 
Suspended 
Solids (SS) 
DR 2010 
 
Copper 
Plumbum 
 
Spectrophotometer, 
DR 4000/5000 
 
 
 
 
70 cm 
10 cm 
10 cm 
Schmutzdecke 
layer 
Key: Fine sand 
Coarse sand 
Gravel 
International Conference on Environment 2008 (ICENV 2008) 
 5 
 
RESULTS AND DISCUSSION 
The concentration values for various parameters are summarized in Table 2. Pollutant 
concentrations vary considerably from event to event. Comparisons between the influent and 
effluent of rainwater were then made based on the calculation of percentage of contaminants 
removal. All the results from the analysis were recorded in Table 3. 
 
Table 2: Concentrations of water quality parameters 
 
Events SS 
(mg/l) 
DO 
(mg/l) 
pH 
 
Turbidity 
(NTU) 
Cu 
(mg/l) 
Pb 
(mg/l) 
Influent 
26-Feb-08 28 6.84 4.26 60.4 0.41 0.001 
29-Feb-08 43 6.25 4.51 57 0.79 0.001 
11-Mar-08 19 6.24 5.52 56 0.64 0.002 
13-Mar-08 30 6.41 5.85 58 0.6 0.004 
18-Mar-08 14 6.73 6.06 68 0.5 0.003 
20-Mar-08 16 6.42 5.34 63 0.53 0.001 
Effluent 
26-Feb-08 13 7.44 6.7 23.7 0.35 0.0008 
29-Feb-08 21 7.39 6.54 18.2 0.46 0.0008 
11-Mar-08 13 6.88 6.26 13.4 0.3 0.0007 
13-Mar-08 17 7.3 6.5 20 0.45 0.0006 
18-Mar-08 9 8.03 6.7 21.2 0.33 0.0005 
20-Mar-08 13 7.61 6.6 18 0.31 0.0001 
 
The amount of suspended solids in harvested rainwater was quite high with the maximum 
concentration of 43 mg/l. This might cause from the industrial zone nearby the site location. The 
results show that the filter could remove 19% up to 54% of suspended solids which was still 
good. For the influent DO measurement, values range from 6.24 – 6.84. Based on Table 3, the 
percentage removal of DO were only 8% to 16%. For the turbidity, the average value was 19 
NTU, below the recommended turbidity limit of 100 NTU. The sand filter was successfully 
removed turbidity based on the results obtained still within the range of Guidelines for Drinking 
Water Quality [14]. Percentage removal of turbidity ranges from 61% - 76%.  
The acid rain in urban area has the potential of leaching contaminants from the collection 
system, cisterns components, or particulates carried in the rain [10]. The acidity or alkalinity of 
the rainwater collected can be determined from the pH measurement. For this study, the influent 
ranges from 4.26 to 6.06 values of pH before treatment. It shows that the rainwater was acidic 
agreed with previous study [10]. The pH values were then increased up to 6.7 but still in the 
range of WHO (6.5-8.5) standard which are suitable for any activities such as cooking and 
cleaning purposes. The percentage removal ranges are from 10% - 36%. Lead (Pb) was also 
detected but the levels were not alarming (<0.001 mg/l). Despite the lowest values, Pb showed 
the highest percentage of removal with the total of 90%.  
Concentrations of various pollutants from Table 2 are then plotted against the sampling 
time (Figure 4). 
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Table 3: Percentage (%) of concentration removal   
 
Events SS 
(mg/l) 
DO 
(mg/l) 
pH 
 
Turbidity 
(NTU) 
Cu 
(mg/l) 
Pb 
(mg/l) 
26-Feb-08 54 8 36 61 15 20 
29-Feb-08 51 15 31 68 42 20 
11-Mar-08 32 9 12 76 53 65 
13-Mar-08 43 12 10 66 25 85 
18-Mar-08 36 16 10 69 34 83 
20-Mar-08 19 16 19 71 42 90 
 
0
10
20
30
40
50
26-
Feb-
08
29-
Feb-
08
11-
Mar-
08
13-
Mar-
08
18-
Mar-
08
20-
Mar-
08
Date
S
S
 (
m
g
/l
)
Influent
Effluent
 
0
5
10
26-
Feb-
08
29-
Feb-
08
11-
Mar-
08
13-
Mar-
08
18-
Mar-
08
20-
Mar-
08
Date
D
O
 (
m
g
/l
)
Influent
Effluent
 
0
5
10
26-
Feb-
08
29-
Feb-
08
11-
Mar-
08
13-
Mar-
08
18-
Mar-
08
20-
Mar-
08
Date
p
H
Influent
Effluent
 
0
0.2
0.4
0.6
0.8
26-
Feb-
08
29-
Feb-
08
11-
Mar-
08
13-
Mar-
08
18-
Mar-
08
20-
Mar-
08
Date
C
u
 (
m
g
/l
)
Influent
Effluent
  
0
0.002
0.004
0.006
26-
Feb-
08
29-
Feb-
08
11-
Mar-
08
13-
Mar-
08
18-
Mar-
08
20-
Mar-
08
Date
P
b
 (
m
g
/l
)
Influent
Effluent
 
0
20
40
60
80
26-
Feb-
08
29-
Feb-
08
11-
Mar-
08
13-
Mar-
08
18-
Mar-
08
20-
Mar-
08
Date
T
u
rb
id
it
y
 (
N
T
U
)
Influent
Effluent
 
 
Figure 4:  Influent and effluent values for all parameters against the sampling time 
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From the results, the water quality of harvested rainwater through the sand filter shows 
good results. All parameters showed for filtered values are relatively within the ranges of 
Guidelines for Drinking Water Quality [14] standard and acceptable for daily uses.       
 
CONCLUSION 
From the preliminary study, the important finding on the treatment of harvested rainwater 
quality is that the sand filter can successfully filtered and removed some of the contaminants. 
The effectiveness of this filter still can be improved while the study is in the running progress. 
This initial finding was able to support the objectives of the study and a guideline in the future. 
In addition, this study has made significant contribution in improving water quality of harvested 
rainwater.  
Even though the water quality is not suitable for the potable sources such as for drinking, it 
is guaranteed to use for other purposes (non – potable use). Recommendations to improve future 
studies are also highlighted:- 
i) More sampling of rainwater is recommended. Preferably, the sampling design must 
include various storm sizes. 
ii) Consideration on the antecedent conditions (dry days) of the catchment is also crucial 
for a better understanding of the pollutant transport mechanism. 
iii) Maintenance should be done frequently to ensure the effectiveness of this system. 
iv)       The design of the filter should take into consideration the placement for each 
medium. Proper compartment for each layer are needed.  
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